The purpose of this study was to assess the thyroid and iron status of pregnant women on the basis of biochemical indicators and to look for correlation dependences amongst them. A subject of this research were 128 pregnant women from Plovdiv, Southern Bulgaria. For the assessment of the iron status the following indicators were examined: hemoglobin (Hb), serum ferritin (SF), soluble transferrin receptors (sTfR), Body iron(mg/kg), defined by the formula:-[log(sTfR/SF)-2.8229]/0.1207. To assess the thyroid status the urinary iodine concentration was examined, and also the thyroid stimulating hormone (TSH) and free T4 (FT4). The results demonstrated that more than 1/3 of the examined pregnant women had Hb<110 g/L, and 69% had SF less than 15 g/L, which is indicative for iron deficiency, 18.5% were with Body iron<0 mg/kg (indicate tissue iron deficiency). During the assessment of the thyroid status on the basis of ioduria it turned out that more than half of the pregnant women (59.3%) had iodine deficiency, 5.8% and respectively 19.0% had deviation in the values of TSH and FT4. In conclusion we can summarize that we have found out significant associations between iron deficiency with pregnant women and deviations in their thyroid status, which provides us with a solid base to continue and deepen the research in this direction.
INTRODUCTION
Iodine deficiency still stands as one of the basic problems concerning public health in many countries despite the successfully realized strategies for its elimination [1, 2] . The fact that iodine deficiency has been discovered in regions where it was considered exterminated through the implementation of prophylactic programmes [3] , supports the assumption that some other, additional factors (goitrogenic foods, protein malnutrition, deficiency of microelements such as selenium, etc.) can affect and influence its spread and severity [4] [5] [6] [7] . Particularly sensitive to iodine deficiency are the vulnerable population groups such as children, pregnant women, etc.
The risk of iodine deficiency during pregnancy has to be assessed and carefully followed through monitoring during the entire pregnancy, and also regions which have not been identified as iodine deficient have to be covered, too [8] . The higher demands for thyroid hormones during pregnancy can be met only when there is a sufficient level of iodine. But in the cases of iodine deficiency, it is difficult to achieve adequate physiological adaptation thus leading to unfavorable consequences for the pregnancy. The prevention of iodine deficiency of the fetus is possible *Address correspondence to this author at the Department of Hygiene and Ecological Medicine, Medical University, 4002 Plovdiv, 15 A Vasil Aprilov Str., Bulgaria; Tel: +35932602581; E-mail: gatseva_p@mail.bg only on condition that the requirements for an adequate level of iodine of the mother are fulfilled before as well as during the period of pregnancy and continue during the period of lactation [9] .
The deficiency of iron, and iron deficiency anemia (IDA) in particular, remains one of the heaviest and most important feeding deficiencies in today's world, affecting millions of people, mainly from the developing but also from the developed countries [10, 11] . According to a representative research conducted by WHO for the period of 1993-2005, 42% of the pregnant women and 47% of the children at preschool age throughout the world suffered from anemia [12] . In Bulgaria there is a small number of surveys to identify the severity of the problem among the high risk groups -pregnant women, women in their fertile age, lactating mothers, children, etc., which were conducted in the period of 1995-2000. The biggest relative part of anemia was identified among children up to 36 months old, followed by the group of pregnant women [13] .
Iron deficiency in the organism is often connected with the presence of goitre. Despite this fact, the problem of the reason-consequence relation between iron deficiency and the development of goitre needs further clarification [2, 13] . Iodized salt and iron added nutrients have favourable influence on the thyroid status of both the mother and the infant.
The purpose of this research was to assess the thyroid and iron status of pregnant women through examination of the respective biochemical indicators and to look for correlative dependences amongst them.
SUBJECTS AND METHODS
A cross-sectional analytical study was carried out. The subject of the research were 128 healthy pregnant women (at the age of 18-39) from Plovdiv, Southern Bulgaria, whose thyroid and iron status was assessed during their stay at the University Clinic of Obstetrics and Gynecology of the University Hospital "St. George", Plovdiv.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human patients were approved by the ethics committee of Medical University-Plovdiv (Record No. 4/2013). All the pregnant women were informed with a Form of Written Information to the patient about the essence, the risks and the expected benefits from the research. All the women gave their voluntary written informed consent for participation in the research.
Iron status was assessed on the basis of the indicators Hb (the analysis was done with a hematological analyzer STKS Coulter, USA Sysmex 9500, Kobe, Japan); SF and sTfR (immune and enzyme method ELISA of the firm BiovVendor-Czech republic); Body iron was determined with the formula: body iron (mg/kg)=-[log(R/F ratio)-2.8229]/0.1207 [14] on the basis of the data obtained from SF and sTfR.
Thyroid status was assessed on the basis of the data concerning the iodine concentration in the urine, determined through the reaction of Sandell-Kolthoff [15] ; TSH and FT4 through an immune test done with the automatic system ADVIA Centaur XP, Siemens Diagnostics, Germany. The statistical processing of the results was done with SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). P<0.05 was considered statistically significant.
RESULTS
The average level of Hb of the examined women was 114.95 ± 11.79 g/L (mean±SD), the minimal value being 89 g/L, and the maximum -144 g/L. The total number of pregnant women with Hb<110 g/L was 40, which makes more than 1/3 of the examined women (36,7%) . During the analysis which was conducted based on the data concerning Hb of the examined pregnant women on a three-month basis, it was reported that the smallest is the number of pregnant women with Hb<110 g/L in the first trimester (n=1), in the second trimester the number is 9, and the biggest number is during the third trimester (n=30) (Figure 1 The average value of SF of the pregnant women is 23.85±27.27 g/L, the minimal being 0.13 g/L, and the maximal being -137.79 g/L. Because of the nonGaussian distribution of the quantitative indicators for SF at the interpretation of the data, the median value of 14.63 g/L with 95% CI 18.89-28.79 was taken into consideration. At the analysis of the data for SF, the conclusion was made that 69% (n=58) from the examined women during our research had SF below 15 g/L, which is indicative of iron deficiency [16] . With a low SF (below 15 g/L) were 2 pregnant women in their first trimester. Predominant is their share in the second trimester (n=11) and during the third trimester as well (n=44) ( <0.0001) ( While monitoring the levels of SF it was identified that there was a statistically considerable reduction of this indicator with the progress of pregnancy (p<0.0001): The women in their I. trimester had statistically considerable higher levels of SF (49.174±36.64 ng/ml) in comparison to those in the II. (23.560±20.73 ng/ml, =0.0004) in especially to those in the III. trimester (15.509 ±18.80 ng/ml, <0.0001) (Figure 2) .
As far as the third indicator for assessment of the iron status of the pregnant women -sTfR -is concerned, we did not identify values above 8. The median value of ioduria of the examined women is 123.0 g/L (95% CI 130.27-174.16 g/L), which is indicative for insufficient iodine intake during pregnancy [17] . When assessing the iodine status, it can be noticed that the biggest is the share of pregnant women who had iodine deficiency, evaluated on the basis of ioduria -from the total of 113 examined women, 67 had ioduria<150 g/L, which makes more than of the pregnant women (59.3%). The results show that within the period of pregnancy ( -trimester) there is a presence of extremely clearly expressed iodine deficiency among more than half of the examined pregnant women, their biggest part being in the trimester.
Having in mind that there is no joint opinion in the scientific publications concerning the referential values of TSH and T4 during pregnancy, when analyzing the data for TSH of the examined pregnant women we adhered to the recommendations of Zimmermann et al., 2007 . According to them, when the value is above 4 mIU/L, TSH is an indicator for a slight subclinical hypothyroidism [16] . Six of the examined pregnant women (5.8%) had values of TSH above 4 mIU/L. Four of the women were in their second, and two in their third trimester. Only in three of the cases the values of TSH above 4 mIU/L correspond to ioduria below 150 g/L. The average value of SH for the whole group of examined women is 2.02±2.27 mIU/L, and the median -1.74 mIU/L with 95% CI 1.59-2.46 mIU/L.
While analyzing the results that we had obtained from examination of FT4 we adhered to the referential limits (11.5-22.7 mol/L) according to the firm-producer (Siemens Diagnostics, Germany). At an average value of 13.68±2.90 mol/L for the whole group, twenty of the pregnant women (19.0%) had FT4 below the lower referential limit. One of the cases was in the first trimester, four of the cases -in the second and 15 -in the third trimester. The women with normal levels of F 4 (n=85) were respectively 16 in their first trimester, 26 -in the second and 43 in the third trimester (p=0.117). In 13 (68.4%) of the cases with FT4 below the lower referential value, ioduria was below 150 g/L, while low level if iodine in the urine was discovered with 45 (56.3%) of the women with normal values of 4 ( =0.333). Only in one of the cases of pregnant women in their third trimester, all the three indexes -ioduria (4 g/L), TSH (4.49 mU/L) FT4 (11.2 mol/L) had deviations from the normal, that gave us the reason to decide that that was a case of clinically manifested iodine deficiency disorder.
When making an assessment of the connection between iron deficiency with pregnant women and the deviations in their iodine status, we found out that the whole number (n=40) of pregnant women with low levels of Hb below 110 g/L, 23 (57.5%) had a level of urinary iodine <150 g/L, which is indicative for the presence of iodine deficiency. The pregnant women were in their second (n=6) and third (n=17) trimester when they are most sensitive to micronutrient deficiencies ( =0.434).
It was identified that there was a slight positive statistically significant correlative association between the levels of FT4 and Hb (R=0.217, p=0.0339) ( Figure  5 ). There is a tendency observed for a weak positive correlative association between the values of Body iron and FT4 (Rho=0.197, =0.0518).
DISCUSSION
In the recent years there has been a broad discussion in the scientific publications on the problems of the existence of multiple micronutrient deficiencies such as iron and iodine deficiency among risky groups of the population, including pregnant women.
During their second and third trimesters pregnant women are particularly vulnerable in connection to iron deficiency and it is mainly manifested as iron deficiency anemia. Anemia is the last and most severe phase of iron deficiency. It is developed when the transported iron is reduced to such levels that it diminishes the concentration of Hb and/or other iron compounds which are responsible for certain physiological functions [18] . Every assessment of the iron status needs to include the concentration of Hb, because it defines a further stage of the lack of iron and that is a quantitative measure of the severity of iron deficiency after anemia is already in existence [19] . Our research has identified that during the third trimester predominant is the relative share of pregnant women with low hemoglobin values.
SF is a sensitive test for examining the condition of the depots of iron and it is still a leading indicator for determination of the status of individual iron [20] . The concentration of SF is considered to be the most practical indicator that correlates with the levels of all iron depots in the organism. The threshold level of SF (suggested by WHO) below which the iron stores are considered exhausted is <15 μg/L [21]. But due to the fact that SF is acute phase protein, its concentration in the blood rises when there are sub-clinical and clinical inflammation and infectious diseases. This is the reason why it cannot be used to assess accurately the exhausted iron stores in cases of poor health condition [22] .
The higher levels of sTfR, which are observed when there is iron deficiency reflect respectively an increase of transferrine receptors at a cellular level [23] . The concentration of sTfR, which is a more sensitive indicator, is used as a biomarker for the discovery of early functional iron deficiency [24] . Increased TfR is the first laboratory sign for iron deficiency after exhaustion of the iron stores in the organism and its rising continues in a direct correlation with the severity of iron deficiency [25] . It can be noted that the increase of the concentration of sTfR in the course of pregnancy of the examined by us pregnant women, the highest are its levels in the third trimester.
The level of iron in the organism assessed by us with the indicator Body iron, demonstrates a weak positive correlation with FT4. This is confirmed by other authors as well [26] and shows a possible participation of other factors as well which influence the metabolism of the thyroid gland.
Pregnant women are a group of high risk because iodine deficiency during pregnancy, manifested even slightly, can cause transient hypothyroidism [27] . Worrying is the fact that more than half of the examined pregnant women had iodine deficiency.
Yet another reason for the increased demands of iodine of the mother during pregnancy is the considerable increase of iodine clearance, which is caused by the increased glomerular filtration [28] . This loss of iodine causes the exhaustion of the circulating non-organic iodine and leads to increased thyroid iodine clearance, which reaches up to 60 ml/min, and this is connected with the increased absolute iodine intake by the thyroid gland [20, 30] .
The increased demands for thyroid hormones during pregnancy can be met only if there is sufficient iodine intake. The changes in the function of the thyroid gland during pregnancy under the condition of iodine deficiency is characterized by a progressive reduction of the concentration of FT4 in the serum and rising of the levels of TSH [31] . Our results from the research on the indicators in question are similar to the above mentioned. Delange F., 2007 [31] emphasizes that these deviations can be spotted in cases of mild iodine deficiency, as our case is, and they are not present among the rest of the population which confirms the strong sensitivity of pregnant women to the effects of iodine deficiency.
But when there is iodine deficiency, it is difficult to achieve adequate physiological adaptation and therefore it can lead to unfavourable consequences for pregnancy. Potter, 1980 studies the effects of maternal hypothyroidism on the reproductive results and reaches the conclusion that a part of the abortions, lethal births, premature births are of higher frequency with hypothyroid women in comparison to euthyroid women [32] . Other authors have described a higher frequency of obstetrical complications and fetal anomalies connected with maternal hypothyroidism [33] .
In countries where there is iodine deficiency it is accepted a universal iodination of salt to be done as a long-term strategy to overcome iodine deficiency disorders. Despite this fact, universal iodination does not completely solve the problem with iodine deficiency. The reasons for this are not completely clear, considering that iodine supplementation is less effective in regions where there are accompanying feeding deficiencies such as protein malnutrition, insufficient iron, selenium, zinc and vitamin [34] [35] [36] .
The research has shown that among animals as well as humans, the lack of iron breaks the metabolism of the hormones of the thyroid gland. With rats it reduces the activity of hepatic 5'-deiodinase, which damages the conversion of 4 into 3 in the peripheral tissues and the response of TSH and the thyroid releasing hormone (TRH) [37] . With adult people the insufficiency of iron is accompanied with the reduction of 4 and 3 in the serum and increase of TSH concentrations in comparison with the healthy controls [38, 39] . Similar are our results with a part of the examined pregnant women.
Just like other authors [40] , we did not identify a statistically significant correlation between the values of SF and the levels of 4 ( =0.17) and TSH ( =0.75).
The initial steps of hormone synthesis of the thyroid gland are catalyzed by heme containing peroxidase. The severe insufficiency of iron can reduce the thyroid peroxidase activity and can also hamper the synthesis of the hormones of the thyroid gland [41, 42] . Usually the deficiency of one micronutrient does not appear alone, but always in combination with others, especially amongst the populations with high frequency of malnutrition, mainly energy-protein malnutrition. The multiple deficiencies are a combination of more than one deficiency due to the metabolic interrelations between the separate micronutrients. The correlation associations which were identified between the indicators for the iodine and iron status of the examined by us pregnant women are a convincing proof for the existence of interrelation between iodine and iron deficiency, observed with this vulnerable population group.
CONCLUSION
On the basis of the results which we have obtained we can draw the conclusion that there are correlation dependences between the biochemical indicators for assessment of the iodine and iron status of the examined pregnant women. Observant is a statistically significant association between iron deficiency with pregnant women and the deviations in their thyroid status, which gives us the reason to continue and deepen the research in this direction.
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